Background: Trismus is a common complication of radiotherapy for head and neck cancer but its impact on survival is unknown. Aims/Objectives: This prospective study evaluates the incidence of trismus in patients with head and neck cancer receiving radiotherapy and the impact of trismus on 5-year overall survival. Material and methods: Two hundred forty-four patients with head and neck cancer were included. All patients received instructions on jaw exercises and were evaluated before initiation of radiotherapy and at 2, 6, and 12 months after termination of radiotherapy. Results: One year after treatment 25% had a reduced maximum interincisal opening (MIO) of 13 mm or more as compared to the pretreatment MIO. Trismus was most prevalent in patients with oral and oropharyngeal cancer. A trend towards worse 5-year overall survival was seen among patients with trismus. Conclusions: The trismus rate was approximately 30% at 12 months. Jaw exercises should primarily be offered to patients with oral and oropharyngeal cancer who are most likely to benefit. Further studies are required to investigate the effect of trismus on survival. Significance: This study identifies patients likely to benefit from jaw exercises and provides basis for further research on trismus and survival.
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Introduction
Trismus is a well-known complication after treatment of head and neck cancer (HNC). The reported incidence varies due to heterogeneous study populations, treatment modalities and different methods of measuring and defining trismus. Moreover, this field has lacked prospective studies until recently. The incidence has been reported to be as high as 79% [1] while a number of studies indicate an incidence between 38% and 52% [2] [3] [4] where the majority of patients have received 3D conformal radiotherapy (3DCRT). Trismus severity seems to peak at 6 months after treatment and becomes somewhat lower at 12 months after treatment [3, 5] . Newer treatment modalities, in particular intensity modulated radiotherapy (IMRT) are reported to have lower risk for trismus development [6, 7] . The pathogenesis of trismus in patients with HNC can be related to a number of parameters and varies between individuals. It may involve a single cause or a combination of different factors such as direct tumour interference with jaw opening, radiotherapy (RT)-induced fibrosis in the muscles of mastication (medial and lateral pterygoid, masseter) as well as the temporomandibular joint [8, 9] . In addition, surgical scarring can contribute to the development of trismus.
Post-treatment trismus has a significant impact on quality of life that impacts speech, oral hygiene and the intake of food, and inhibits the patient socially [3, 10] . Moreover, oncological follow-up controls and dental care can be problematic in patients with severe trismus.
The definition of trismus in the HNC setting has varied but after Dijkstra et al. [11] presented their study in 2006 a cut-off point at 35 mm of maximum interincisal opening (MIO) is widely accepted. The Dijkstra trismus criterion has enabled comparison between studies on trismus and effects of exercise interventions.
Previous studies have indicated that the development of trismus is correlated with tumour size and poor physical function prior to treatment [2] . To our knowledge, until now, no study has prospectively assessed the effect of trismus on overall survival. The objective of the present study was to investigate the relationship between trismus and 5-year overall survival in a cohort of patients treated for HNC.
Materials and methods
Two hundred forty-four patients diagnosed with HNC receiving 3D conformal RT, delivered either primarily or preoperatively, were included in this prospective observational study. The characteristics of the patients are presented in Table 1 . RT planned target volume was 64-68 Gy and the maximum dose given to the spinal cord was 48-50 Gy.
Intervention and evaluation
All the patients were included in an early rehabilitation program and were seen by a physiotherapist before RT started and at follow-ups at 2, 6, and 12 months after termination of treatment. Before start of RT, patients received written and oral rehabilitation instructions about self-care exercises and stretching of structures of mastication to maintain mobility in the area exposed to RT with the aim of avoiding trismus. Patients were instructed to exercise active maximal mouth opening twice daily for 10 Â 20 seconds assisted with the Acute Medic Jaw Trainer and StretcherV R . These instructions were given by one physiotherapist. During the course of the study, these instructions were occasionally modified to a 'hold and release' technique when patients exhibited decreased mouth opening or did not improve with the standard technique.
Primary outcome
The patient's MIO ability was measured before start of RT and at all follow-ups. A trismus cut-off by MIO 35 mm was used irrespective of dental status according to Dijkstra et al. [11] . Of the 244 patients, a total of 225 (92%) had teeth in the mandible and maxilla, 11 (5%) had either teeth in the mandible or maxilla, 7 (3%) were edentulous, and information about dental status at diagnosis was missing for one patient.
Statistical methods
The association between mouth opening at baseline and 12-month change was estimated using Pearson's correlation coefficient. Effects on interincisal opening ability by different clinical factors (age, gender, stage, site, radiotherapy, chemotherapy, surgery) were estimated using linear regression models. Results from these models were presented as mean differences together with 95% confidence intervals. p values from these models refer to Wald tests.
Overall survival was estimated using the Kaplan-Meier technique. Differences in survival time distributions were tested using the log-rank test.
The statistical significance level was set to .05.
Ethical considerations
The Regional Ethical Review Board in Stockholm approved the study, judging that no ethical approval was required, as it was identified as a clinical development program (2005/ 767-31/1-4). The study was performed in accordance with the declaration of Helsinki.
Results
Of the 244 patients who were included in the study, 127 patients (52%) completed the study and were assessed at 12 months. At the 12-month follow-up, 117 patients (48%) had withdrawn from the study. Of these patients, 51 (21%) had experienced cancer recurrence or were deceased while 57 (23%) declined to participate further. Details regarding drop-out are missing for 9 patients. There was an initial decline of MIO and a subsequent slow recovery was seen at 12 months, as shown in Figure 1 . Before treatment 34 patients had trismus (MIO of less than 35 mm) and the mean pretreatment MIO was 46 mm (8-74 mm). The mean MIO capacity reached a nadir at 2 months after treatment, 39 mm (14-69 mm). At 12 months the corresponding figures were 40 mm (5-67 mm). The measured individual change in MIO from baseline to 12 months is presented in Figure 2 . Close to 80% of the patients had a decreased MIO (negative value) at 12 months when compared to the pretreatment value. A MIO reduction of 13 mm or more was seen in 25% of patients at 12 months as compared to the pretreatment value while 30% of the patients were defined as having trismus.
There was a large pretreatment range of MIO, as seen in Figure 3 . A linear regression analysis indicated that patients with the largest MIO before treatment demonstrated the largest reduction of mouth opening at 12 months. This was more pronounced in female patients, although the correlation coefficient showed no statistically significant difference (p ¼ .43).
Mean MIO at the 12-month follow-up (n ¼ 127) was analyzed in relation to age, gender, tumour stage, tumour site, and treatment as shown in Table 2 . Patients with oral cancer were found to have statistically significant more trismus than other subgroups (p ¼ .03). In total 56% of patients with oral cancer, 63% of patients with oropharynx cancer, 94% of patients with larynx cancer and 86% of patients with other HNC had mouth opening of >35 mm.
In terms of overall survival after 5 years, patients with MIO 35 mm at 12 months tended to fare worse than patients with MIO >35 mm but the difference was not found to be significant (p ¼ .64) (Figure 4 ).
Discussion
Development of trismus is a significant problem for patients that have received treatment for HNC. Reduced mouth opening contributes to malnutrition and can have a negative social impact. In addition it is plausible to assume that trismus can affect survival rates.
Previous studies on jaw exercises have shown mixed results in the prevention of trismus. Dijkstra et al. [12] found that in a cohort of 35 patients, trismus related to HNC did not respond as well to preventive treatment as noncancer-related trismus. A study by Loorents et al. [13] showed no difference in MIO reduction between a control group and an intervention group, while Pauli et al. [14] found that patients practicing mouth-opening exercises had greater MIO and better health-related quality of life than the control group.
All patients in the present study were included in an early self-care rehabilitation program and received instructions on mouth-opening exercises in order to prevent trismus. Despite this about 30% had trismus (MIO 35 mm) when measured at the 12-month follow-up. In addition, 25% of patients in this study had a reduction of 13 mm or more in MIO at 12 months. It should be noted that compliance was not assessed during the study period. Trismus related to HNC treatment poses a challenge and is difficult to treat. To be effective, trismus prevention requires dedicated and complying patients and one can conclude that not all patients stand to benefit from mouthopening exercises. In the present study, patients with oral cancer had significantly more severe trismus at 12-month follow-up, which indicates that this subgroup might benefit the most from mouth-opening exercises. It has previously been shown that both oropharyngeal cancer and oral cancer and its treatment predispose patients to trismus, which our study also indicates [5, 15, 16] . We therefore suggest that consideration should especially be given to patients with the greatest needs, i.e. mouth opening exercises should primarily be recommended to patients with oral and oropharyngeal cancer. All patients that have undergone RT for HNC should however be evaluated individually with regard to trismus and offered treatment when indicated.
Our findings show that patients with higher baseline MIO experience a greater reduction in mouth-opening after RT. One can postulate that patients with oral and oropharyngeal cancer could benefit from preventive exercises regardless of whether they meet trismus criteria.
It has previously been shown that severe dysphagia is associated with lower survival rates [17] . No studies have previously analyzed the relationship between trismus and overall survival rates after 5 years in a prospective manner. One can speculate that trismus can have a negative effect on survival through dysphagia leading to malnutrition and/or aspiration as well as complicating clinical follow-up, leading to delayed diagnosis of tumour recurrence or second primary cancer. The present study aimed to give information about the influence of trismus on long-term overall survival. Our results could not show any statistically significant difference in 5-year overall survival between patients with trismus and patients with MIO !35mm at 12 months. As the Kaplan-Meier curve shows a tendency for a worse overall survival in trismus patients, further studies are warranted, including larger cohorts. All patients in our study were treated with 3DCRT, which has now been replaced in many centers with modern IMRT. Several reports demonstrate that IMRT is probably less likely to cause trismus [6, 18, 19] . Further studies on IMRT are required with regard to trismus and our study provides a basis for comparison with 3DCRT. It also has to be considered that additional treatment, surgery and chemotherapy, may increase the risk of trismus. However, that was not seen in the present study.
The strengths of this prospective study include the cohort size and duration of follow-up. This study experienced a high drop-out rate (48%) but that still left us with 127 patients, which is a relatively large cohort compared to earlier studies on trismus.
On the other hand, this study lacks randomization, which might limit it somewhat in that no comparison is possible between different mouth-opening exercises. A potential confounder is the number of patients with pretreatment trismus (n ¼ 34). However in a consecutive study on a cohort of HNC patients one expects to find a certain number of patients with decreased mouth opening at baseline.
To conclude, our hypothesis that trismus has a negative impact on 5-year overall survival could not be confirmed, but a larger study is required to investigate this further. Our study indicates that mouth-opening exercises should mainly be applied to patients with oral and oropharyngeal cancer.
